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Abstract.  In the present study, the bitter acids composition of the hop pellets extract was 
determined and compared using two different methods. Conductometry and high-performance liquid 
chromatography (HPLC) methods are validated in the Food Safety and Quality Testing Laboratory 
(FQSL) of USAMV Cluj-Napoca. 
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INTRODUCTION 
 
Dry hop cones and hop products (pellets, extracts etc.) are the major raw materials 
employed in brewing which provide bitterness and characteristic aroma to beer.  
The main hop resins are bitter acids as a source of bitterness of beer. They are divided 
into two groups, humulones (-acids) and lupulones (-acids). Both types of these bitter acids 
have several homologs, such as normal-, co-, and ad-homologs (Figure 1). Minor hop acids 
including post-, pre- and adpre-homologues can be found in hops in addition to main types of 
bitter acids (Ceslová et al., 2009). 
There are currently many varieties of hops, but they can be divided into bittering hops 
(that is, those with high bitter acids, humulone, cohumulone, lupulone, and colupulone)  and 
finishing or aroma-giving hops (Nance et al., 2011). Increased attention is currently being 
paid to varieties obtained by crossing the two above sorts, thus combining the advantages of 
the higher content of bitter acids and of hop volatiles (ulík et al., 2009). 
 
 
Fig. 1. Structures of individual classes of bitter acids: humulones (-acids), lupulones (-acids).  R can 
correspond the following homologs: –CH2CH(CH3)2 for humulone (H) and lupulone (L), –CH(CH3)2 for 
cohumulone (coH) and colupulone (coL), –CH(CH3)CH2CH3 for adhumulone (adH) and adlupulone (adL), –
CH2CH2CH(CH3)2 for prehumulone (preH) and prelupulone (preL), –CH2CH3 for posthumulone (postH) and 
postlupulone (postL), –(CH2)4CH3 for adprehumulone (adpreH) and adprelupulone (adpreL). 
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In Europe, the content of -acids in hops and hop products has traditionally been 
determined by the wide-spread conductometric method based on the precipitation of bitter 
acids with lead salt. Method yields a conductometric value (CV) in percent. Today, the 
method of choice for determining - and -acids is high-performance liquid chromatography 
(HPLC), which provides more realistic and exact data.  
The determination of bitter acids from hop cones, hop pellets and hop extracts, 
represents an important step in brewing process because depending on the bitter acids content 
of hop the dosing of beer in bitter compounds is made (Tofana et al., 2009). 
The purpose of our study was to determine the hop bitter acids using the above 
mentioned methods and to compare the obtained results. 
 
MATERIALS AND METHODS 
 
The study of the chemical composition was carried out for two varieties of hop: 
Magnum (MG)  and Perle(PR), cultivated in pedo-climatic areas from Transilvania, in the 
Saschiz and Seleu farms from Mure. The hop flower (cone) is harvested, dried for the 
conservation of the active principles, grinded and pressed in granules, named pellets. 
The  hop samples  were labelled and stored until the analyses. In the FQSL, the 
determination of  alpha and beta acids was carried out according to Analytica EBC (European 
Brewing Convention), the European authority on the field of hop, malt and beer analyses. 
The used conductimetric and HPLC methods are: 
- EBC- Method 7.2./Analytica-EBC, Section 7 Hops: Moisture Content of Hops and Hop 
Products (3) 
- EBC- Method 7.4./Analytica-EBC, Section 7 Hops: Lead Conductance Value of Hops, 
Powders and Pellets (4) 
- EBC- Method 7.7./Analytica-EBC, Section 7 Hops: Alfa- and beta-Acids in Hops and Hop 
Products by HPLC (5) 
The conductometric analyses for alpha bitter acids were performed with automatic 
titrator and conductometer system (Schott, tip TA 20 PLUS), reagent: methanol, lead acetate 
solution, (20g/l), diethyl ether (peroxides free), hydrochloric acid (0.1M). 
The quantitative determination of - and -acids in the extracts was accomplished  
using an HPLC equipment from Schimadzu, with a UV detector. The column was a 
250x4mm, filled with ODS RP18, NUCLEOSIL 5xC18 type, pre-column for HPLC analysis 
with the role of protecting the analysis column. The mobile phase used was methanol, water, 
ortho-phosphoric acid (775: 210: 9, v/v/v). The individual hop extract standard, namely, 
calibration standard ICE 2, was obtained from Labor Veritas- distribution for European 
Brewery Convention. 
 
RESULTS AND DISCUSSIONS 
 
The obtained results are presented in the table 1 (the HPLC analyses were made in 
parallel with the conductometric ones) and by comparison in the table 2 and 3. For Magnum 
variety, the content of alpha-acids determined by conductometry, varies from 9.12-11.29% in 
dry matter, while for Perle variety is between 5.97-6.81% in dry matter. The results obtained 
for alpha-acids when HPLC method was used, are for both varieties smaller: 7.82-9.16% in 
dry matter for Magnum samples and  5.53-6.25% in dry matter for Perle samples. The 
conductometric method is not as selective as the HPLC method, and together with alpha acids
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some other acids may also be precipitated by the lead acetate solution, resulting in higher 
concentration values  for alpha acids. 
As can be seen in Table 1, the (/) ratio is higher in bitter cultivars. On the other 
hand, this ratio is lower in the aroma cultivars. Thus for Magnum variety the (/) ratio is 1.3-
1.5, while for Perle variety the (/) ratio is 1.2-1.3. 
 
Tab. 1 
Quantitative determination of bitter compounds from hop pellets 
 
 
 
Tab. 2 
Hop pellets alpha acids content – conductometric and HPLC determinations 
 
Diference 
CV-HPLC 
Crt.no Variety/Lot Analysis 
date 
Conductance 
value(CV) 
% in dry 
substance 
Alpha acids 
HPLC method 
% in dry 
substance 
Absolute % Relative 
% from max 
value(CV) 
1 MG/2 22.06.2011 9,97 9,15 0.82 8.22 
2 MG/5 22.06.2011 9,60 8,53 1.12 11.66 
3 MG/8 22.06.2011 9,12 7,82 1.3 14.25 
4 MG/9 22.06.2011 11,29 9,16 2.13 18.86 
5 PR/21 22.06.2011 6,40 5,53 0.87 13.59 
6 PR/24 22.06.2011 6,81 6,25 0.56 8.22 
7 PR/26 22.06.2011 5,97 5,78 0.19 3.18 
 
The conductometric determination of bitter acids is a routine analysis, but there are 
some limitations that should be taken in consideration (Tofana, 2008):  
-the determination gives only the global content of alpha bitter acids and not their 
composition 
-the method is applied especially in order to establish the chemical quality of hop in 
view of commercialization  
 
Alpha acids 
conductometr
ic 
 
Alpha acids 
HPLC 
 
Beta acids 
HPLC 
 
Crt. 
no 
 
Sample 
cod 
 
Variety
/Lot 
 
Analysis 
date 
 
Humidity 
% 
% as 
is 
% in 
dry 
matter 
% as 
is 
%  in  
dry 
matter 
% as is %  in  
dry 
matter 
 
Alpha
/ 
Beta 
Ratio 
1 128 MG/2 22.06.201
1 
7,86 9,19 9,97 8,43 9,15 6,51 7,07 1.3 
2 129 MG/5 22.06.201
1 
8,13 8,82 9,60 7,84 8,53 5,11 5,56 1.5 
3 130 MG/8 22.06.201
1 
7,31 8,45 9,12 7,25 7,82 5,06 5,46 1.4 
4 131 MG/9 22.06.201
1 
8,86 10,29 11,29 8,35 9,16 6,09 6,68 1.4 
5 132 PR/21 22.06.201
1 
8,11 5,88 6,40 5,08 5,53 3,87 4,21 1.3 
6 133 PR/24 22.06.201
1 
8,17 6,25 6,81 5,74 6,25 4,28 4,66 1.3 
7 134 PR/26 22.06.201
1 
7,65 5,51 5,97 5,34 5,78 4,41 4,78 1.2 
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Regarding the alpha and beta bitter acids composition from table 3, it can be said that 
the genetic variety fingerprint can be observed due to cohumulone (component of alpha acid) 
and colupulone (component of beta acids) content. The varieties of the same type, respectively 
aromatic varieties from Perle category have almost the same value for these homologues of 
alpha and beta acids (table 3). 
The superalpha varieties (Magnum, Merkur and Perle) have smaller values for 
cohumulone content and thus the beer has a pleasant taste unlike the rich in cohumulone 
varieties which induce a unlike taste to the beer (Tofan, 2006). 
 
Tab. 3 
Alpha- and Beta- Bitter acids composition by HPLC detection 
 
Crt. no Variety/Lot Cohumulone 
% from total 
alpha 
N+ 
Adhumulone 
% from total 
alpha 
Colupulone 
% from 
total beta 
N+ 
Adlupulona 
% from total 
beta 
1 MG/2 23.72 76.28 37.90 62.10 
2 MG/5 23.21 76.79 44.06 55.94 
3 MG/8 22.77 77.23 44.13 55.87 
4 MG/9 12.44 87.56 40.27 59.73 
5 PR/21 27.30 72.70 44.90 55.10 
6 PR/24 27.68 72.32 45.92 54.08 
7 PR/26 28.54 71.46 47.70 52.30 
 
CONCLUSIONS 
 
In order to establish the genetic fingerprint for each variety of hop (alpha/beta ratio), 
the HPLC profile will be determined for both mature, healthy cones and pellets, soon after 
their production. Only then the alpha/beta ratio will be relevant enough. 
The obtained conductometric values for alpha bitter acids are similar with those 
obtained by HPLC analysis. 
HPLC method is selective for: co-isohumulone, isohumulone, Ad-isohumulone, 
Cohumulone and Colupulone. The method isn’t selective for the separation of normal-
humulone from ad-humulone, which co-elute the same thing goes for the normal-lupulone and 
ad-lupulone .  
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